H eart failure (HF) therapy guided by natriuretic peptides, that is, N-terminal pro-B-type natriuretic peptide (NT-proBNP) or B-type natriuretic peptide (BNP), has been proposed to improve outcomes in patients with chronic HF compared with usual clinical care, especially in patients <75 years, 1-4 although individual study results were not consistent. 5-15 A more aggressive uptitration of HF medical therapy is suggested as one of the main factors responsible for the positive effect of a (NT-pro)BNP-guided management in that higher target doses of guideline-recommended HF therapy are achieved. 16 Indeed, higher doses of renin-angiotensin system Background-Therapy guided by N-terminal-pro-B-type natriuretic peptide (NT-proBNP) levels may improve outcomes in patients with chronic heart failure (HF), especially in younger patients with reduced left ventricular ejection fraction. It remains unclear whether treatment effects persist after discontinuation of the NT-proBNP-guided treatment strategy. Methods and Results-Trial of Intensified versus standard Medical therapy in Elderly patients with Congestive Heart Failure randomized 499 patients with HF aged ≥60 years with left ventricular ejection fraction ≤45% to intensified, NT-proBNPguided versus standard, symptom-guided therapy into prespecified age groups (60-74 and ≥75 years) during 18 months. A total of 329 patients (92%) alive at 18 months agreed to long-term follow-up. HF medication was intensified to a larger extent in the NT-proBNP-guided group. During long-term, NT-proBNP-guided therapy did not improve hospital-free (primary end point: hazard ratio, 0.87; 95% confidence interval, 0.71-1.06; P=0.16) or overall survival (hazard ratio, 0.85; 95% confidence interval, 0.64-1.13; P=0.25) but did improve HF hospitalization-free survival (hazard ratio, 0.70; 95% confidence interval, 0.55-0.90; P=0.005). Patients aged 60 to 74 years had benefit from NT-proBNP-guided therapy on the primary end point and HF hospitalization-free survival, whereas patients aged ≥75 years did not (P<0.10 for interaction). In landmark analysis, there was no regression to the mean after cessation of the NT-proBNP-guided strategy. More intensified HF medication at month 12 was associated with better long-term HF hospitalization-free and overall survival. Conclusions-Intensified, NT-proBNP-guided therapy did not improve the primary end point compared with symptomguided therapy but did improve HF hospitalization-free survival. Within the subgroup of patients aged 60 to 74 years, it improved clinical outcome including the primary end point. These effects did not disappear after cessation of the NT-proBNP-guided strategy on the long-term. This is possibly attributable to a more intensified HF medical therapy in the NT-proBNP-guided group. Clinical Trial Registration-URL: http://www.isrctn.org. Unique identifier: ISRCTN43596477.
(RAS) blockade by either angiotensin-converting enzyme inhibitors or angiotensin receptor blockers and β-blockers and higher usage of mineralocorticoid antagonists (MRAs) were reached in most (NT-pro)BNP-guided therapy studies. 5, 7, 10, 12, 15, 17 This might also improve outcomes on the long term, but (NT-pro)BNP-guided studies performed to date did not extend follow-up beyond the intervention period with one exception-NT-proBNP-Assisted Treatment To Lessen Serial Cardiac Readmissions and Death (BATTLESCARRED) included a 2-year intervention period and an additional year of follow-up. 8 Therefore, it remains unclear whether the treatment effects persist long term after discontinuation of the (NT-pro) BNP-guided treatment strategy. The Trial of Intensified versus standard Medical therapy in Elderly patients with Congestive Heart Failure (TIME-CHF) is to date largest trial in this regard, showing improved outcomes by NT-proBNP-guided therapy in patients aged 60 to 75 years, but not in those aged ≥75 years. 7 To estimate the long-term effects of NT-proBNPguided therapy and to investigate whether the early benefit observed in TIME-CHF sustains during the long term, mainly in patients aged 60 to 74 years, we hereby report the 5-year results of NT-proBNP-guided versus symptom-guided HF therapy in TIME-CHF.
Methods

Study Design and Subjects
The TIME-CHF was a multicenter, randomized trial conducted in 15 centers in Switzerland and Germany. The trial design and methods have been published in detail previously. 18 In short, 499 patients with symptomatic HF aged ≥60 years with a left ventricular ejection fraction of ≤45% were randomized to an intensified, NT-proBNP-guided versus a standard, symptom-guided therapy. Patients were a priori stratified into 2 age groups (ie, 60-74 and ≥75 years). Guideline-recommended medication was intensified according to predefined escalation rules with the goal to reduce symptoms to New York Heart Association class II or less in the symptom-guided group and to additionally reduce NT-proBNP levels to <2× the upper limit of normal (ie, 400 ng/L in those 60-74 years and 800 ng/L in those ≥75 years) in the NT-proBNP-guided group. Study visits took place at 1, 3, 6, 12, and 18 months. Up to month 12, therapy was adjusted in collaboration with the treating general practitioners with the goal to uptitrate therapy as far as possible within 6 months. After the initial 18-month study period, 329 of 358 patients (92%) alive and participating in the study agreed to long-term follow-up ( Figure I in the Data Supplement), which was conducted by telephone contact and chart review and was continued up to >5 years. End points were survival free of all-cause hospitalization, survival free of HF hospitalizations, and overall survival (excluding cancer-related death by protocol). Patients who were lost to follow-up (n=2) or withdrew from the trial declining further contact (n=18) were censored at the time of last contact. Patients who declined telephone follow-up beyond the trial period (n=29) were censored at month 18 (Figure I in the Data Supplement). The study was approved by the ethics committees of each center and each patient gave written informed consent before entering the study.
Statistical Analysis
Results are presented as frequencies (%), mean (SD), or median (interquartile range), as appropriate. RAS blockade and β-blocker doses are presented as percentage of target dose as recommended by the European Society of Cardiology HF guideline ( Table I in the onlineonly Data Supplement) . Between-group comparisons were performed using the t test, Mann-Whitney test, or Pearson χ 2 . Survival and event-free survival was analyzed by the Kaplan-Meier method using the log-rank test to compare groups and by Cox proportional hazard regression models. Besides age groups, which were predefined by protocol, other subgroup analyses were exploratory. Interactions of the main effect were tested using Cox proportional hazard regression models correcting for the other investigated subgroup variables, that is, age, sex, New York Heart Association class, left ventricular ejection fraction, ischemic cause of HF, body mass index, comorbidities, renal failure, and baseline NT-proBNP-level, to control for confounding. Finally, we performed a landmark analysis to determine a patient's survival by response, using the 12-month uptitration phase of the study as the landmark time point. Note that in this landmark analysis, patients who die before 12 months were excluded from the analysis. Landmark analysis was performed for treatment groups and as a secondary analysis we divided patients by achieved dose of guideline-recommended HF treatment at month 12. The Cox proportional hazards assumption was tested by (1) log-minus-log survival plots, (2) comparing 2 discrete time intervals, and (3) adding a timedependent interaction term. The models for treatment groups did not show a departure from proportionality. The models for intensification of medication, a secondary analysis, did not fulfill the assumption and therefore, Kaplan-Meier plots are presented. A 2-sided P value of 0.05 was considered to be statistically significant; for interaction tests a 2-sided P value of 0.10 was considered statistically significant. All calculations were performed with the use of the SPSS statistical package version 18.0 (SPSS Inc, Chicago, IL).
Results
Baseline Characteristics
Patient characteristics at baseline have been published in detail previously, 7 a summary is shown in Table 1 . Baseline characteristics were similar between treatment groups, reflecting randomized allocation. Patients were overall elderly, predominantly men, had mainly ischemic HF with severe symptoms as reflected by high New York Heart Association classification and high NT-proBNP levels. The presence of comorbidities was high. Background HF therapy at baseline was similar between groups, with a high use of RAS blockade and β-blockers although at suboptimal doses according to the HF guidelines. 16 Patients aged ≥75 years had more comorbidities, higher New York Heart Association classification, higher NT-proBNP, and lower left ventricular ejection fraction compared with patients aged 60 to 74 years. Also, patients in the older age group received less optimal HF medical therapy than the younger age group (Table II in 
Intensification of Medical HF Therapy
At the end of the 12-month uptitration period, guidelinerecommended medical HF treatment was installed and uptitrated to a greater extent in the NT-proBNP-guided group compared with the symptom-guided group (Table 2) , with regard to RAS blockade, β-blockers, and MRAs. There was a nonsignificant trend toward less use of diuretics in the NT-proBNP-guided group compared with the symptom-guided group. There were no significant changes in therapy beyond the 12-month uptitration period toward the 18-month final visit (data not shown).
Although the more elderly had lower mean and achieved doses or RAS and β-blockade at 12 months compared with the relatively younger patients, NT-proBNP-guided therapy had similar positive effects on RAS and β-blockade uptitration in the younger versus the older age group. MRAs were more significantly intensified by NT-proBNP-guided therapy in the older age group, whereas NT-proBNP-guided therapy lowered diuretic usage only in the younger patients ( Table III in the Data Supplement).
Long-Term Outcome
During follow-up, 199 patients died (39.9%). Of those, 6 died of cancer and were censored at the time of death. Cause of death was predominantly cardiovascular. 19 A total of 254 patients (50.9%) experienced the disease-specific end point of HF hospitalization or death and 379 patients (76.0%) experienced the end point of all-cause hospitalization or death with a median follow-up of 26 months (interquartile range, .
Intensified, NT-ProBNP-Guided Therapy Versus Symptom-Guided Therapy
Hospital-free survival (Figure 1A , left) and overall survival ( Figure 1C , left) were not significantly reduced by NT-proBNP-guided therapy, but there was a significant demonstrable benefit of NT-proBNP-guided therapy on the disease-specific end point of HF hospitalization-free survival ( Figure 1B , left). Performing several sensitivity analyses, that is, (1) excluding patients who discontinued the study regime before 12 months (n=46), (2) treating those who were lost or withdrawn without further contact (n=20) as having died, and (3) additionally treating those who refused follow-up beyond 18 months (n=29) as having died, did not alter the results (data not shown).
Influence of Patient Characteristics on Treatment Effect
The long-term effects of NT-proBNP-guided therapy were more favorable in patients aged 60 to 74 years compared with patients aged ≥75 years (P for interaction 0.05 for hospital-free survival, P=0.06 for HF hospital-free survival, and P=0.09 for overall survival; Figure 2 ) with a significant positive effect of NT-proBNP-guided therapy on the primary end point (Figure 1A , middle) and HF hospitalization-free survival ( Figure 1B , middle) in the predefined younger age group. Further subgroup analyses suggested interactions with comorbidity burden, body mass index, baseline NT-proBNP concentration, kidney disease, and sex ( Figure 2 ).
Landmark Analysis
Baseline characteristics and 12-month clinical characteristics were similar in both treatment groups for the patients included in the landmark analysis ( Table IV in the Data Supplement) , besides a higher prevalence of diabetes mellitus in the symptom-guided group. Landmark analysis showed that there was Data are presented as median [IQR] or frequency (%). Max uptitration: maximum dose increase from baseline; achieved dose: the actual dose at the end of the uptitration period; average daily dose: the average daily dose during the uptitration period; calculated per patient separately using the daily medication data to present the actual dose that the patient received in this period. HF indicates heart failure; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and RAS, renin-angiotensin system.
*Percentage of target dose as recommended by the European Society of Cardiology HF guideline, 16 see Table I in the Data Supplement. †Dose represents spironolactone dose in milligram. ‡Dose represents furosemide equivalent in milligram (10 mg torasemide equals 40 mg furosemide). no significant effect of NT-proBNP-guided treatment on hospitalization-free survival (hazard ratio [HR] 0.81; 95% confidence interval [CI], 0.63-1.04; P=0.10), HF hospitalization-free survival (HR, 0.76; 95% CI, 0.55-1.05; P=0.10), or overall survival (HR, 1.001; 95% CI, 0.68-1.48; P=0.99) beyond the initial 12-month uptitration period. Nonetheless, the effect observed during the first 12 months was continued (ie, not reversed) after NT-proBNP-guided therapy was ceased (Figure 1 ).
In the prespecified younger age group, there was a positive effect of NT-proBNP-guided therapy on the primary end point hospitalization-free survival (HR, 0.67; 95 CI, 0.45-0.99; P=0.046) and a nonsignificant effect on HF hospitalization-free survival (HR, 0.58; 95% CI, 0.33-1.02; P=0.057) but no effect on overall survival (HR, 0.77; 95% CI, 0.39-1.52; P=0.46) in the landmark analysis. There was no landmark effect of NT-proBNP-guided treatment on outcome in the older age group (P≥0.50 values for all end points). Interactions between age groups and treatment allocation were not significant (hospitalization-free survival, P=0.17; HF hospitalization-free survival, P=0.19; and overall survival, P=0. 35 ).
Intensification of Medical HF Therapy and Outcome
Patients in the landmark analysis were divided according to achieved medical therapy at month 12, reflecting response to the guided strategy. Patients with levels of RAS blockade and β-blockers at 12 months ≥50% of target dose had better HF hospitalization-free survival and overall survival compared with those with lower levels of RAS blockade and β-blockers, but there was no effect on hospitalization-free survival (Figure 3A) . Results were similar when additionally considering the installation of a MRA ( Figure 3B ). Higher levels of medical HF therapy positively influenced outcomes in the younger age group but not in the older age group (Table V in the Data Supplement).
Discussion
The principal findings of the study are that intensified, NT-proBNP-guided therapy does not improve the primary end point of the study, whereas the positive effect of intensified, NT-proBNP-guided therapy on the disease-specific outcome observed during the intervention period persists thereafter, that is, when NT-proBNP levels are no longer measured after uptitration, resulting in an improvement of long-term survival free of HF hospitalization as compared with symptom-guided therapy in patients with HF aged ≥60 years. The persisting long-term effect was only seen in the relatively younger patients aged 60 to 74 years, confirming the early effect they experienced, but not in the more elderly. Finally, the positive and long-term effect of NT-proBNP guidance seems to be related to a more intensified use of HF medication.
During the 18-month main trial period of TIME-CHF, there was no significant effect of NT-proBNP-guided therapy on the primary end point survival free of hospitalization, although the secondary end point survival free of HF hospitalization was positively influenced in the overall population. 7 Also, patients aged 60 to 74 years of age clearly benefitted from intensified therapy with regard to both HF hospitalization-free and overall survival, whereas those aged ≥75 years did not show any benefit at all. 7 Age groups in TIME-CHF were prestratified and other trials had similar findings with regard to age, 8 but still it has to be noted that this was a subgroup analysis. In this regard, the long-term results presented here are important because the persisting and even slightly augmenting effect beyond the intervention period confirms the positive effect of NT-proBNP-guided therapy in the younger age group, whereas a regression toward the mean would point toward a chance finding.
It is important to note that the long-term outcome of our population was poor on hospitalizations and mortality. The 5-year mortality rate in TIME-CHF of 39% is comparable with that of several large registries, ranging from 31% to 49%, 20, 21 showing that our population is highly representative of the real-life HF population. Previous investigations of (NT-pro)BNP-guided treatment of patients with HF have mainly reported short-or midterm results. 1, 5, 10, 12, 15, 17, 22, 23 The BATTLESCARRED study was to date the only study that reported follow-up results ≤1 year after the intervention period, 8 showing that the positive effects of NT-proBNP-guided therapy are maintained after cessation of the guided strategy. We extend these results to 4 instead of 1 year of additional follow-up after the intervention period, showing that the initial beneficial effect remains present long term after cessation of the NT-proBNP-guided strategy. TIME-CHF applied treatment strategies for a shorter period compared with BATTLESCARRED, indicating that it might be sufficient to apply the NT-proBNP-guided strategy for a shorter period to reach similar results. The protocol of TIME-CHF aimed to uptitrate medication as far as possible within 6 months, but NT-proBNP measurements were repeated after 12 and 18 months, allowing further adjustment of therapy if required. Based on our current knowledge and based on the protocol of the study, we would advise clinicians to implement a NT-proBNP-guided strategy for individualized uptitration for a limited duration of 6 to 12 months only with 1 or 2 control measurements thereafter. However, it is important to note that our results are insufficient to make definite conclusions about the best time frame. Therefore, further research is needed to assess whether a short period of individualized, biomarker-guided intensification of HF medication could improve outcome. The currently ongoing GUIDE-IT (Guiding Evidence Based Therapy Using Biomarker Intensified Treatment) trial, 24 planned to be the largest NT-proBNP-guided trial thus far, will hopefully be able to give more definite answers.
Despite general consensus on medical therapy in HF with reduced left ventricular ejection fraction, 16 there is a relative underuse and insufficient uptitration of HF medication in current clinical practice, 25, 26 particularly in the elderly. [27] [28] [29] [30] A performance improvement intervention, including education, decision support, and other support tools, could improve doses of β-blockers but not that of RAS blockade or MRAs in an outpatient setting. 26 Interestingly, patients with known BNP levels did not differ in the use of guideline-recommended HF therapies compared with those with unknown BNP levels, but patients with the highest BNP levels were less likely to be treated with RAS blockers or MRAs, whereas they are probably at highest risk of adverse outcome. 31 Thus, there is undoubtedly room for further improvement of treatment. (NT-pro)BNPguided therapy led to more intensification of HF medication in most 5, 8, 10, 12, 15, 17 but not all 22, 23 guided trials. In TIME-CHF, patients who actually had more intensified HF medical therapy at 12 months had significantly better outcome compared with those with less intensified medical therapy. These results need to be taken cautiously because there might be bias, as the sickest patients are those in whom it is most difficult to intensify HF medication and landmark analysis does not take into account confounding. Still, the positive and long-term effects of NT-proBNP-guided therapy seem at least in part attributable to the achievement of more intensified HF therapy.
The lack of effect of NT-proBNP-guided, intensified treatment in the more elderly is a matter of discussion. NT-proBNP was shown previously to have important prognostic capacity also in the elderly patients, despite a general increased concentration in older patients. 32 Therefore, we used age-dependent target concentrations in TIME-CHF, making it unlikely that NT-proBNP characteristics are causing the difference in age groups. Although current HF guidelines advise to apply therapy regardless of age and comorbidities, 16 the recommendations are mainly based on subgroup analyses 33, 34 because large HF medication trials have included relatively young patients with little comorbidities and specific trials in the elderly are scarce. 35 In our study, NT-proBNP guidance led to more intensified HF medication, both in the younger and older age groups. Even more so, MRAs were intensified by NT-proBNP-guided therapy primarily in those aged ≥75 years. Despite, NT-proBNP-guided therapy failed to be effective in those aged ≥75 years and the positive effect of actual intensified therapy at month 12 was also lacking in the more elderly. This underlines the suggestion that stringent intensification of HF medication might not be most optimal in the elderly and the question should be raised whether a one-size fits all add-on therapy is really the best way to go in all patients with HF.
Limitations
Long-term follow-up was defined per protocol, 18 but separate informed consent had to be obtained. Consequently, not all patients agreed on further being contacted after completion of the first 18 months. Still, a large number of patients agreed to long-term follow-up. Long-term follow-up was conducted only by telephone and chart review and did not include symptoms or medication. Thus, there is no information on eventual changes in medication beyond 18 months. In addition, landmark analysis ignores changes in group membership after the landmark time. As such, patients who reached more intensified levels of HF medication beyond month 12 are still classified as nonresponders. Furthermore, landmark analysis is an observational data analysis because group membership is determined at the landmark time point according to response to treatment. However, confounding in landmark analysis for the randomized treatment arms was limited. Also, the landmark point was selected a priori as the uptitration period of 12 months, 18 preventing data-driven results. Moreover, by presenting both the landmark analysis next to the overall survival time results, we have incorporated the landmark analysis as a form of sensitivity analysis as recommended. 36 With regard to the analysis on the effect of actual intensification of medication, it needs to be stated that the Kaplan-Meier curves divided by medication doses at month 12 intersect, making it difficult to interpret these results and draw definite conclusions. Blinding of physicians was not able in this study design. However, an end point committee blinded to group allocation evaluated all study end points. Although the uptitration scheme was predefined per protocol, physicians treated patients according to their own discretion. Finally, subgroup analyses besides the age groups were not prestratified and should be considered hypothetical.
Conclusions
Intensified, NT-proBNP-guided therapy did not improve the primary end point on the long-term compared with symptom-guided therapy, whereas it did improve long-term survival free of HF hospitalization versus symptom-guided therapy, a secondary but disease-specific end point of the study. In the predefined age group of 60 to 74 years, clinical outcome including the primary end point was influenced positively, whereas no effects were seen in patients aged ≥75 years. Importantly, the effects of NT-proBNP-guided therapy were maintained after cessation of this strategy during the long term. Possibly, this is attributable to a more intensified HF medical therapy in the NT-proBNP-guided group as seen after completion of uptitration of medication. Further research is needed to assess whether a short period of individualized, biomarker-guided intensification of HF medication could improve outcome and whether particular groups of patients profit most from this approach.
